Incubation of racemic mixtures of DL-(±)-nicotine with Pseudomonas putida resulted in a complete stereoselective degradation of the L-(-) isomer. Unnatural D-(+)-nicotine, which is of pharmacological interest for stereochemical studies of various nicotine-responsive systems, was not affected by the bacterium and was recovered by extraction.
Nicotine is known to exert specific pharmacological effects on cholinergic receptors located in ganglionic synapses, neuromuscular end plates, and Renshaw cells (3, 4, 6) and may exert specific noncholinergic receptor-mediated effects (1) as well. Elucidation of the binding requirements of nicotine-specific receptors has progressed mainly by studying the effects of structurally related drugs, but little can be learned of the stereochemical specificity of these interactions until unnatural stereoisomers become available.
The present work describes a technique which can be used to efficiently recover optically pure unnatural D-(+)-nicotine from racemic DL-(+)-nicotine by selectively degrading the natural L-(-) isomer with Pseudomonas putida. Existing methods for isolating this material are considerably more laborious, relying upon treatment of DL-(±)-nicotine with d-tartaric acid, followed by di-p-toluoyl-l-tartaric acid, and fractional recrystallization of the resulting diastereomeric salts (2 pyridine, the first step in P. putida nicotine metabolism, asymmetry at the beta carbon of the pyrrole ring is lost. Thus, no optical activity was observed in the ensuing succinoylpyridine derivatives. Circular dichroic spectra monitoring the time course of optical activity during L-(-)-nicotine degradation ( Fig. 2A) , therefore, showed decreased molecular ellipticity as the substrate decreased to a zero concentration. By contrast, when racemic DL-(±)-nicotine was used as a substrate (Fig. 2B) , spectra showed little initial net molecular ellipticity (+ and -rotations canceled) but revealed a mirror-image spectrum as the natural isomer was degraded.
The absolute value of the resulting ellipticity was half that of the natural isomer ( Fig. 2A) , Efficient recovery of D-(+)-nicotine on a preparative scale was attained by increasing the initial concentration of racemic nicotine up to 0.1 M or by increasing the entire incubation volume or both. When spectra indicated that no L-(-) isomer remained in the reaction mixture, it was adjusted to pH 11 with sodium hydroxide and extracted repeatedly with diethyl ether. Polar metabolites remained in the aqueous phase. Ether extracts were combined, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. D-(+)-Nicotine was recovered quantitatively by this extraction procedure. Further purifications can be performed by preparative chromatography on silica gel, using a chloroform-ethanol-ammonium hydroxide (85:14:1) solvent system (nicotine Rf = 0.35), or by vacuum distillation.
In conclusion, this work demonstrates that nicotine-metabolizing enzymes in P. putida are
